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© Ceramic superconductor wire and method of manufacturing the same. 


© Disclosed herein is a ceramic superconductor comprising a ceramic superconductive member, and a high- 
conductivity metal layer (2) covering the ceramic superconductive member. At least one portion (3) of the metal 
layer having low electrical conductivity or iow thermal conductivity. Also disclosed is a method of manufacturing 
a ceramic superconductor, comprising the steps of filling a ceramic superconductor or a precursor thereof in a 
high-conductivity metai pipe, thereby forming a composite member, rolling the composite member into a 
ceramic superconductor element of a desired shape, which comprises a ceramic superconductive member and 
a high-conductivity metal layer (2) covering the ceramic superconductive member, performing a predetermined 
heat treatment on the ceramic superconductor element, and alloying a predetermined portion of the high- 
conductivity metaf layer (2), thereby rendering the portion less conductive either electrically or thermally. 



Xerox Copy Centre 


EP 0 412 527 A2 


CERAMIC SUPERCONDUCTOR WIRE AND METHOD OF MANUFACTURING THE SAME 

The present invention relates to a ceramic superconductor .vire used as an electric wire, a cable, a coil 
winding, an efectromagnetic shielding body, and a current ead wire for supplying a current to a 
superconductor element and a method of manufacturing ;he ceramic superconductor wire and, more 
particularly, a ceramic superconductor wire having a small AC current loss and a method of manufacturing 
5 the ceramic superconductor wire. 

In recent years, various types of ceramic superconductors .--ore sen ted by chemical formulas such as 
YBa 2 Cu30 7 . y , Bi 2 Sr2Ca n .iCu n O Xl Ti m Ba 2 Ca n .iCu n O x (m - 1. 2- ~ = 1, 2, 3, 4, 5,...), and (Ndi.xCe^CuCU.y 
have been developed. Critical temperatures (Tc) of these ceram:c suoerconductors reach 125 K. 

Since these ceramic superconductors have poor workability. :.ney are used in a state wherein a high- 
w conductivity metal layer 2 is formed to cover a ceramic sucerconductor layer 1, as shown in Fig. 11. The 
form of such a ceramic superconductor is obtained by filling a :~ramic superconductor or its precursor 
powder in a metal pipe or the like, roiling the pipe, and oer<--" - :: a predetermined heat treatment of the 
rolled pipe. 

The high-conductivity metal layer consisting of a ceramic ~.-cer :onductor serves as a heat sink against 
15 heating caused by a flux jump as a rapid shift of a magnetic flux p :he ceramic superconductor layer during 
energization. The high-conductivity metal layer also serves as a :ur-ent bypath. A high-conductivity metai 
such as Ag or Cu having high thermal and electric conductivities ; s used as the above high-conductivity 
metal layer. In addition to these functions, a high-conductiv.y —etal layer such as an Ag or Cu layer 
protects ceramic superconductors from external harmful suostances and mechanically reinforces the 
20 ceramic superconductor. 

A conventional ceramic superconductor wire covered with a nice-conductivity metal layer such as an Ag 
or Cu layer causes the metal layer to generate an eddy current uc-cn AC current energization of the ceramic 
superconductor wire. 

The following problem is also posed when the above superconductor is used for a current lead. An 
25 SMES power generator, an MHD power generator, a fusion reactor, a linear motor car, a medical MRI t an 
accelerator magnet, and the like have been developed as iow-temperature equipment using superconductor 
magnets. A current is supplied from an external power source to such low-temperature equipment through a 
current lead wire. The current lead wire consists of a metal material such as Cu, Cu-Ag, or Cu~P. Metal 
conductors are subjected to Joule heating upon current energization and absorption of a large amount of 
30 external heat. A large amount of coolant is undesirably evaporated. 

There has been proposed use of a metai or intermetailic superconductor such as Nb-Ti and NbaSn as 
the above current lead wire which does not produce Jouie heat by cooling the metal or intermetailic 
superconductor to a liquid He temperature (4.2 K) to nullify an electric resistance. Such a superconductor 
cannot be used near any equipment except for low-temperature equipment cooled to the liquid He 
vis temperature and cannot sufficiently enhance its effect. 

In most recent years, ceramic superconductors such as YBa2Cu307, Bi2Sr 2 CaCu 2 0$, 
Bi2Sr2Ca2Cu30i o, Tt 2 Ba2CaCu208, Tt 2 Ba 2 Ca 2 Cu30io having critical temperatures (Tc) as high as 80 to 
125 K, which allow substances to be superconductive at the liquid N2 temperature, have been found. 

These ceramic superconductors have high critical temperatures (Tc). When these superconductors are 
40 used as current lead wires, a liquid He cooling effect from the low-temperature equipment can be 
sufficiently utilized. Ceramic superconductors have low heat conductivities unlike metal materials such as 
Cu, and have an advantage in low absorption of external heat. Therefore, these ceramic superconductors 
have been expected as practical current lead wires. 

Since a ceramic superconductor is, however, brittle, the following process is required. For example, a 
45 ceramic superconductor powder is filled in a metal tube as of Ag or Au, and the metal tube is then 
extruded, pressed, rolled, drawn or swaged. In this case, the metal tube must have good workability and a 
high purity, and have a ratio of a wail thickness to a sectional area to be 30 to 50% or more because the 
ceramic superconductor is hard. For this reason, a large amount of heat is conducted to the low- 
temperature equipment from a metal layer of a current lead wire rolled from the metal tube. A large amount 
50 of liquid He as a coolant is consumed, thus resulting in poor economy. 

It is an object of the present invention to provide a ceramic superconductor wire having a high critical 
current density (Jc), a small AC current loss, and excellent productivity, and a method of manufacturing the 
ceramic supercc iductor wire. 

ft is another object of the present invention to provide a ceramic superconductor wire having a high 
constant critical current density (Jc) and a low heat conductivity and capable of minimizing an evaporation 
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amount of a coolant sucr. as liquic He. 20c 0 -~ethoc f m^ru factor ng :ne :ora:^! f : superconductor wire. 

The present invention is based on findings .v he re in pad cf a high-conductivity metal layer which covers 
a ceramic superconductor layer is converted into a low-conductivity portion, so that the AC current loss of 
the ceramic superconductor is greatly reduced. The present invention is also based on finding wherein a 
s part of a high-concuctivity metal layer which covers a ceramic superconductor layer is converted into a iow- 
thermal conductivity portion, so that the evaporation amount of a coolant is greatly reduced. Extensive 
studies have also be made to reach the present invention. 

According to the present invention, there is provided a ceramic superconductor comprising a ceramic 
superconductive member and a high-conductivity metal layer covering the ceramic superconductive 
w member, at least a portion of the metal layer having low electrical conductivity or low thermal conductivity. 

In the superconductor wire of the present invention, a low-conductivity portion is formed in the metal 
layer covered on the ceramic superconductor wire, and an ecay current loop generated by the metal layer 
during AC current energization is shielded by the low-conductivity portion, thereby reducing the AC current 
loss. Furthermore, in the present invention, a low thermal conductivity portion is formed in the metal layer 
?s covered on the ceramic superconductor wire, thereby reduced the evaporation amount of a coolant. 

A metal such as Ag or Cu having high heat and electric conductivities is used to form the metal layer. 
An alloy obtained by solid-dissolving an element such as Pd. Ni, Zn, Cd, Sn, P, St, or Be in the metal such 
as Ag or Cu is used to form the low-conductivity portion, water, is formed in the metal layer. Same as the 
alloy obtained from Zn, In, Cd, Ar, Mg, Be, Ni, Fe, Co, Cr, Ti, Mn. Zr, Ai, Ga, RE (Rere metal) in the metal 
20 such as Ag or Cu is used to form the low thermal conductivity portion. 

The present invention will be described with reference to F : gs. 1 to 5. 

Referring to Fig. 1 , the left half of a high-conductivity metal layer 2 which covers a ceramic 
superconductor layer 1 having a circular section is formed into a low-conductivity portion 3. 

Fig. 2 shows a conductor tape. The lower half of a high-ccncuctivity metai layer 2 is formed into a low- 
25 conductivity portion 3. This tape is suitable as an AC feeder cable conductor in a rotary structure. The tape 
is helically wound through an insulating film on a former (At pipe) so that low-conductivity surfaces face 
each other. In this case, the former constitutes a 3-phase AC superconductor shown in Fig. 6. Reference 
numeral 21 in Fig. 6 denotes an At pipe; 22, a superconductor tape; 23. semi-synthetic paper insulation; 
24, a thermal insulation layer; and 25, a stainless steel pipe. 
30 In a wire shown in Fig. 3, both ends of the conductor tape shown in Fig. 2 are slitted, and the slit 
portions are covered with resin layers 4, When this wire is wound around a core pipe serving as a coolant 
flow path, coupling losses produced between the wires can be appropriately minimized. 

In a wire shown in Fig. 4, an outer half of a high-conductivity metal layer 2 of a ceramic superconductor 
layer 1 having a circular section is formed as a low-conductivity portion 3. 
35 In a cable shown in Fig. 5, an entire metal layer of a ceramic superconductor layer 1 having a circular 
section is formed as a low-conductivity portion 3, and a plurality of the resultant wires are covered with a 
high-conductivity metal layer 2. The resultant cable is suitable as an AC magnet cable. 

In the ceramic superconductor wires and cable shown in Figs. 1 to 5, each low-conductivity portion can 
be narrow. A better effect can be obtained when a plurality of narrow low-conductivity portions are formed 
40 at predetermined intervals so as to shield an eddy current loop. 

According to the present invention, there is also provided a method of manufacturing a ceramic 
superconductor wire, comprising the steps of: 

filling a ceramic superconductor or a precursor thereof in a high-conductivity metal pipe thereby forming a 
composite member; 

45 rolling the composite member into a ceramic superconductor element of a desired shape, which comprises 
a ceramic superconductive member and a high-conductivity metal layer covering the ceramic superconduc- 
tive member; 

performing a predetermined heat treatment on the ceramic superconductor element; and 

alloying a predetermined portion of the high-conductivity metal layer, thereby rendering said portion less 

50 conductive either electrically or thermally. 

The following various ceramic superconductors may be used as a ceramic superconductor used in this 
method, such as YBa 2 Cu 3 07, Bi 2 Sr 2 CaCu208 , Bi 2 Sr 2 Ca 2 Cu 3 0i 0, Tt 2 Ba 2 CaCu 2 08, Ti 2 Ba 2 Ca 2 Cu30io. 

The precursor of the ceramic superconductor can be an intermediate produced in the process for 
synthesizing a ceramic superconductor from a starting material for a ceramic superconductor and can be 

55 exemplified as a mixture of oxides containing elements constituting a ceramic superconductor, a co- 
precipitated mixture, an oxygen-deficient compound oxide, or an alloy constituted by the above alloy 
elements. Such a precursor is reacted with a ceramic superconductor during heating in an oxygen 
atmosphere. 
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/■/hen the ceramic saraer core cater s an. ;•/. , c-i?f ' -'. -.-.ce '^--f - ; uj- ^r. a material oi i:va 

high-conductivity meta. p,pe aar, be Cu .vrwc.n -an. a.;; --a 5.. . ; a : ;C a a .auction atmcspnere. However 
-vhen the ceramic superconductor consists or a p-type v.<\c r ? -a;, -^aarcuctor such as an oxide supercon- 
ductor represented by chemical formula YBa^Cu^O;.; is a :: . ar aa >:-cusiy -educed to a;most zero), heating 
5 is performed in the oxygen atmosphere. A material cf '.he me '.a: pipe is preferably Ag which cannot tae 
easily oxidized and has a high O? permeability. Another meta, iucn as Au, Pd, Pt, Ir, Rh is preferable in 
consideration of non-reactivity with a superconductor ana mp- a mama a: workability. 

A method of forming a low-conductivity portion in a nigr-a a ^activity metal layer may be: a method of 
precipitating an element for reducing an electric conductivity a: a predetermined portion of the surface of 
10 the high-conductivity metal layer in accordance with olatirc -v'D 'Physical Vapor Deoosition), or CVD 
{Chemicai Vapor Deposition), thermally diffusing the croc : a a: : a enaent, and alloying the precipitated 
element with the high-conductivity metal 'ayer to form a a a -: .reactivity ccrtion; ion implantation: or a 
method obtained by combining ion implantation and thermal ciffus.cn. 

According to the method of the present r.vertien, Assuma • :.: a~e aeramic superconductor is a p-type 
is oxide superconductor and alloying is performed in the ~ a - :"auct:v.ty metal layer to form a Sow- 
conductivity portion prior to heating of a rc^ec pipe, in this a-;, .-.ran an aiicy eiement is a base element, 
the alloy element is oxidized to restore the electrical conduct;-, t. : : t'~e cw-conductivity portion. Therefore, 
mixing of the ailoy element is preferably performed after hearing. 

A method of forming a low-thermal conductivity oorticn :aa ; perform, ea as follows. A film is formed 
20 on a metal layer by exotic metal plating, PVD, CVD, paste aaaa^g, soldering, cladding, or the like and is 
heated to diffuse an exotic metal in the metai ayer tc aalc, . a -a tic meta* '-ah a metai constituting the 
metal layer. Examples of the exotic metal are Zn, In, Cd, Cu. \1g. 3e, Ni, Fe, Co, Cr, Ti, Mn, Zr, Ai, Ga, 
and RE (rare-earth element). Such a metal Is suitable because t aan greatly reduce the heat conductivity of 
the metal layer in a smail amount. 
25 Another useful alloying method ;s icn implantation ar a - -y a": of holding a ceramic superconauctcr 

wire in a metal vapor to partially alloy the //ire with the meta. vapor, A terminal connected to low- 
temperature equipment or an external power source is desiraoly kept to have a low electric resistance 
without requiring alloying so as to suppress Joule heating. 

This method will be described with reference to Figs. 7 to 10. 
so Figs. 7 and 8 are perspective views of ceramic superconductor wires obtained by covering the surfaces 
of ceramic superconductors with metal layers, respectively. 

More specifically, the ceramic superconductor wire shown in Fig. 7 is obtained by covering a rod-like 
ceramic superconductor powder-molded body 1 1 with a metal layer 2. The ceramic superconductor wire 
shown in Fig. 8 is obtained by covering noble metal layers 12 on the upper and lower surfaces of a plate- 
35 like ceramic superconductor powder-molded boy 11. End cortices at the ceramic superconductor powder- 
molded body 1 are exposed outside. 

A ceramic superconductor wire is heatec ana sintered at a predetermined temperature to partially ailoy 
the metal layer 2 so as to form portions 13 except for connecting portions 14 cf the ceramic superconduc- 
tor, as shown in Fig. 9. 

40 As shown in Fig. 10, an improved current ;ead wire is obtained such that noble metal layers 12 of the 

portions 13 of the ceramic superconductor wire except for the connecting portions 14 are made thin. The 
thin noble meta! iayers 12 can further reduce an amount of absorption heat, in this case, the thin noble 
metal iayers 12 are formed, and then connecting portions are formed at terminals of the wire. Alloying can 
be performed before or after the thin noble metal layers 12 are formed. A method of forming thin noble 
45 metal layers may be any method such as chemical etching or mechanical milling. 

A single-core superconductor wire has been exemplified. The method of the present invention is, 
however, equally applicable to a multi-core superconductor cable having a plurality of superconductor wires. 

The ceramic superconductor wire according to the present invention has the low-conductivity portion 
partially formed in the high-conductivity metal layer as the outermost layer of the ceramic superconductor 
50 wire. Generation of an eddy current during AC current energization can be suppressed, and the AC current 
loss can be greatly reduced. Since the low-conductivity metal portion may be formed in part of the high- 
conductivity metal layer, the main function of the high-conductivity metai layer as a heat sink against a flux 
jump cannot be impaired, in addition, the function of protecting the ceramic superconductor layer against 
the outer atmosphere is not lost from the metal layer. Moreover, since the low-conductivity portion is formed 
55 by alloying, mechanical properties of the metal layer can be improved. 

Positive conductivity correlation between heat and electricity is apparently established in metals without 
citing the Wiedemann-Franz law. Wire materials of the present invention are suitable as current !ead wires. 
According to the present invention, in a high-Tc ceramic superconductor whose at least part of the 

4 


EP 0 412 527 A2 


surface is covered with a high-conductivity layer as of a noble metal, the noble metal layer is alloyed to 
form a current lead wire, In use of the resultant current ^ead wire, Joule heating of the ceramic 
superconductor wire can be suppressed by a cooling effect of the low-temperature equipment, and 
conduction of external heat to the low-temperature equipment due to a decrease in heat conductivity of the 
s ceramic superconductor wire can be suppressed. 

Alloying of the noble metal layer is performed after predetermined rolling of the ceramic superconduc- 
tor wire finishes. Therefore, rolling workability of the ceramic superconductor wire is not impaired. The 
noble metal layer is made thin before or after the noble metal is alloyed, thereby further suppressing heat 
conduction from the current lead wire. 
w This invention can be more fully understood from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 

Fig. 1 is a view showing a ceramic superconductor wire using a ceramic superconductor layer having a 
circular section according to the present invention; 

Fig. 2 is a view for explaining a ceramic superconductor wire employing a conductor tape according to 
15 the present invention; 

Fig. 3 is a view for explaining a ceramic superconductor wire having conductive tapes respectively 
formed at both ends of the wire according to the present invention; 

Fig, 4 is a view for explaining a ceramic superconductor wire having a high-conductivity metal layer 
whose outer half is formed into a low-conductivity portion according to the present invention; 
20 Fig. 5 is a view for explaining a ceramic superconductor wire having a metal layer which is entirely 
formed as a low-conductivity portion according to the present invention; 

Fig. 6 is a view for explaining a 3-phase AC superconductor cable employing a ceramic superconductor 
wire; 

Figs. 7 and 8 are perspective views of a ceramic superconductor wire obtained by covering a ceramic 
25 superconductor wire with a metal layer according to the present invention; 

Fig. 9 is a view for explaining an alloyed ceramic superconductor wire according to the present invention; 
Fig. 10 is a view for explaining a ceramic superconductor wire whose thin metal (ayer is alloyed 
according to the present invention; and 

Fig. 1 1 is a view showing a sectional structure of a conventional wire. 
30 The present invention will be described in detail by way of its examples. 


Exampfe 1 

35 Y 2 0 3l 8aC0 3 , and CuO were blended and mixed at an atomic ratio of 1 : 2 ; 3 (Y : Ba : Cu), and a 
powder mixture was calcined in air at 880° C for 24 Hr. The calcined body was pulverized and classified to 
obtain a calcined powder. The calcined powder was molded by CIP molding to form a 9-mm diameter rod. 
The rod was preliminarily sintered in an oxygen flow at 850 ' C for 8 Hr and was filled in an Ag pipe having 
an outer diameter of 12 mm and an inner diameter of 9 mm. The Ag pipe filled with the CIP-molded body 

40 was swaged and rolled by a grooved roll to obtain a 2.5-mm wire. This wire was formed into a 0.3-mm thick 
tape by a roll. The tape element was heated in an oxygen flow at 900° C for 8 Hr and was then cooled from 
900° C at a rate of 2° C/min. Zn was electrically plated on one surface of the tape element to a thickness of 
4.5 urn, and the resultant structure was heated in an Ar flow at 450° C for 10 Hr. This tape was slitted to 
have a width of 3 mm, and a Teflon tape was wound around each wire to obtain a ceramic superconductor 

45 wire. 


Example 2 

50 Bi 2 03, SrO, CaO, and CuO were blended and mixed at an atomic ratio of 2 : 1.9 : 2.1 : 2.5 (Bi : Sr : Ca 
: Cu), and a power mixture was calcined in an oxygen flow at 650 ° C. The cafcined body was pulverized 
and classified to obtain a calcined powder. Following the same procedures as in Example 1, the calcined 
powder was subjected to CIP molding, sealing in an Ag pipe, and rolling to form a 0.3-mm thick tape 
element. 

55 The Ag layer on one surface of the tape element was etched with HNO3 by a depth of 30 urn, Pd was 
plated on the etched surface by a thickness of 10 urn. The resultant structure was held in an N 2 + 7.5%02 
flow at 890° C for 30 minutes and was cooled from 890° C at a rate of 2.5° C/min. Both ends of the resultant 
structure were slitted to have a width of 3 mm, and a Teflon table was wound around each wire for electric 
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insulation, thereby obtaining a ceramic superconductor ;v ire- 


Example 3 

5 

Nd 2 03, Ce02, and CuO were blended and mixed at an atomic ratio of 1.7 : 0,3 ; 1 (Nd : Ce : Cu), and a 
powder mixture was calcined in an O2 flow at 1,050/ C for 8 Hr. The calcined body was pulverized and 
classified to obtain a calcined powder. The calcined powder was CIP-molded to obtain a 9-mm diameter 
rod. The rod was filled in an Ni-plated Cu pipe having an outer diameter of 12 mm and an inner diameter of 
10 9 mm after the rod was preliminarily sintered. 

Following the same procedures as in Example 1, the Cu pipe filled with the preliminarily sintered rod 
body was rolled into a 0,3-mm thick tape element. Zn and Mi were sequentially plated on one surface of the 
tape element to thicknesses of 5 am and 10 urn, respectively. The resultant structure was heated in an Ar 
flow at 980 °C for 4 Hr and was removed from a heating furnace and cooled. Both ends of the sintered 
15 body were slitted into a tape body having a width of 3 mm. A Tefion tape was wound around each wire, 
thereby obtaining a ceramic superconductor wire. 

Critical current densities (Jc) and conductivities of the metal ! ayers of the ceramic superconductor wires 
prepared in Examples 1 to 3 were measured. Test results are snown in Table 1 below. 

As is apparent from Table 1, the samples in Examples 1 to 3 had high critical current densities (Jc). 
20 The conductivities of the low-conductivity portions partially formed in the high-conductivity metal layers 
which cover the ceramic superconductors were as low as 1 to 4%. The eddy currents generated in the 
metal layers during AC current energization can be greatly suppressed. For this reason, the AC current loss 
can be reduced to about 10% of the conventional wire whose metal layer is a rigid conductive metal layer. 
The samples in Examples 1 to 3 exemplified wires having the structure shown in Fig. 2 or 3, The entire 
25 metal layers of the wires may be alloyed, and a plurality of wires are bundled, soldered, and fixed within an 
Ag or Cu pipe to obtain a cable shown in Fig. 5. This also provides the same effect as in Examples 1 to 3. 
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Example 4 

5 

B12O3, SrO, CaO, CuO powders were blended and mixed at an atomic ratio of 2 : 2 : 1 : 2 (Bi : Sr : Ca : 
Cu) and this powder mixture was calcined in air at 800 "C for 30 Hr. The calcined body was pulverized and 
classified to obtain a Bi2Sr 2 CaCu^O x calcined powder. This calcined powder was filled in an Ag tube having 
an outer diameter of 26 mm and an inner diameter of 18 mm. The tube with the calcined powder is roiled 
10 by a grooved roll to obtain a 4-mm diameter wire. This wire was roiled by flat rolling to obtain a tape having 
a thickness of 0.3 mm and a width of 7 mm, 

The tape was sintered in an 0 2 flow at 860° C for 30 Mr to obtain an oxide superconductor wire covered 
with an Ag layer. The Ag layer of the oxide superconductor wire was plated with Zn to form a 3-um thick Zn 
layer. The resultant structure was heated in an Ar flow at 450 * C r or 2 Hr to prepare a current lead wire. 

75 

Example 5 

A current lead wire was manufactured following the same procedures as in Example 4 except that the 
20 thickness of Zn plated on the Ag layer was 10 um and heating was performed at 450 ' C for 4 Hr 

Example 6 

25 A current lead wire was manufactured following the same procedures as in Example 4 except that Zn 
was plated on an Ag layer to a thickness of 3 um, Cd was then plated to have a thickness of 5 um, and 
heating was performed at 500" C for 2 Hr. 

30 Examples 7 - 9 

Current lead wires were respectively manufactured following the same procedures as in Examples 4 to 
6 except that surfaces of Ag layers of oxide superconductor wires covered with the Ag layers were etched 
by a diluted nitric acid by a depth of 15 u.m each. 

35 

Comparative Examples 1 and 2 

Current lead wires were manufactured following the same procedures as in Example 4 or 7 except that 
40 Ag layers were not alloyed. 

Jc values and heat conductivities of the current lead wires of Examples 4 to 9 and Comparative 
Examples 1 and 2 were measured at 4.2 K and 77 K. Test results are summarized together with main 
manufacturing conditions in Table 2 below. 

As is apparent from Table 2, samples (No. 4 to 9) of the present invention had lower heat conductivities 
45 than those of samples (No. 10 and 11) of the comparative examples due to alloying of the metal layers on 
the surfaces of the ceramic superconductor wires. 

In the current lead wires of sample Nos. 7 to 9, the Ag layers on the ceramic superconductor wires 
were etched and made thin, and thin Ag layers were alloyed. Therefore, the alloying density was increased 
to further reduce the heat conductivities. Therefore, external heat conduction could be greatly suppressed 
50 together with an effect of thin Ag layers. 

The wires of sample Nos. 4 to 9 had lower critical current densities (Jc) than those of sample Nos. 10 
and 11 of the comparative examples by amounts corresponding to the degrees of alloying of the Ag layers 
formed on the ceramic superconductor wires, but differences were very small. 

55 
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Claims 

5 

1. A ceramic superconductor comprising; 
a ceramic superconductive member; and 

a high-conductivity metaf layer (2) covering the ceramic superconductive member, at ieast a portion (3) of 
said metal layer having low electrical conductivity or low thermai conductivity. 
10 2. A ceramic superconductor according to claim 1, characterized in that that portion of said metal layer 
which has the low electrical conductivity is made of an aiioy containing at ieast one element selected from 
the group consisting of Pd, Ni, Zn, Cd, Sn, P, Si, and Be. 

3. A ceramic superconductor according to claim 1, characterized in that that portion of said metal layer 
which has the low thermal conductivity is made of an alloy containing at ieast one element selected from 

-s the group consisting of Zn, In, Cd, Cu, Mg, Be, Ni, Fe, Co, Cr, Ti, Mn, Zr, At, Ga, and a rare-earth element. 

4. A ceramic superconductor according to claim 1, characterized in that the remaining portion (3) of said 
metaf layer (2) which has high electrical conductivity is made of one material selected from the group 
consisting of Cu, a Cu aiioy, Ag, an Ag alloy, and a heat-resistant nickel alloy. 

5. A ceramic superconductor according to claim 1 , characterized in that the remaining portion of said metal 
20 layer (2) which has high electrical conductivity is made of a noole metal selected from the group consisting 

of Ag, Au, Pd, Pt, lr, and Rh. 

6. A ceramic superconductor according to ciaim 1, characterized in that said ceramic member is made of a 
compound selected from the group consisting YBa2Cu307, Bi^SraCaC^Oa , BiSf2Ca2Cu30io» 
Tt^BasCaCusOs, and Tt2Ba2Ca 2 Cu30i 0 . 

25 7. A ceramic superconductor according to claim 1, characterized in that said ceramic superconductive 
member is a wire having a circular cross section. 

8. A ceramic superconductor according to claim 1, characterized in that said ceramic superconductive 
member is a tape having a rectangular cross section. 

9. A ceramic superconductor according to claim 1, characterized in that said ceramic superconductive 
30 member comprises a bundle of ceramic wires each covered by a metal layer having low electrical 

conductivity, and a metal layer covering the bundle of ceramic wires and having high electrical conductivity. 

10. A ceramic superconductor according to claim 1, characterized in that said ceramic superconductive 
member is a current-guiding conductor which has low thermal conductivity, except for both end portions 
thereof. 

35 11. A method of manufacturing a ceramic superconductor, characterized by comprising the steps of: 

filling a ceramic superconductor or a precursor thereof in a high-conductivity metal pipe, thereby forming a 
composite member; 

rolling the composite member into a ceramic superconductor element of a desired shape, which comprises 
a ceramic superconductive member and a high-conductivity metal layer covering the ceramic superconduc- 
40 tive member; 

performing a predetermined heat treatment on the ceramic superconductor element; and 

alloying a predetermined portion (2) of the high-conductivity metal layer, thereby rendering said portion less 

conductive either electrically or thermally. 

12. A method according to claim 11, characterized in that the step of alloying the predetermined portion of 
45 the high-conductivity metal layer (2) comprises the step of forming a layer of an alloying metal on the 

predetermined portion of said high-conductivity metal layer by means of plating, PVD, CVD, paste-coating, 
soldering, cladding, or thin-film forming, and the step of thermally diffusing the alloying metal into the 
predetermined portion of said high-conductivity metal layer (2). 

13. A method according to claim 11, characterized in that the step of alloying the predetermined portion of 
so said high-conductivity metal layer (2) is either the step of injecting ions of an alloying metal into the 

predetermined portion of said high-conductivity metal layer (2) or the step of both injecting ions of an 
alloying metal and diffusing the alloying metal into the predetermined portion of said high-conductivity metal 
layer (2), 

14. A method according to claim 1 1, characterized in that said step of alloying the predetermined portion of 
55 the high-conductivity metal layer (2) is the step of placing the predetermined portion of said high- 
conductivity metaf layer (2) in vapor of the alloying metal. 

15. A method according to claim 11, characterized in that said high-conductivity metal pipe is made of one 
material selected from the group consisting of Cu, a Cu alloy, Ag, an Ag alloy, and a heat-resistant nickel 
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alley. 

16. A method according to claim \2, characterized in (hat saio alloying metal is made of at least one 
element selected from the group consisting Zn, In, Cd, Cu, Mg, Be, Ni, Fe, Co, Cr, Ti, Mn, Zr, A*, Ga, and 
a rare-earth element. 

5 17. A method according to claim 12, characterized by further comprising the step of making the 
predetermined portion of said high-conductivity metal layer (2) thinner prior to said step of alloying the 
predetermined portion of the high-conductivity metal layer. 

18. A method according to claim 11, characterized in that said ceramic superconductor which is filled in 
said high-conductivity metai pipe is one selected from the group consisting of YB32CU3O7, Bi 2 $r2CaCu208, 

w BiSr 2 Ca 2 CuGOic, "U 2 Ba 2 CaCu2 0s , and Ti 2 Ba2Ca2Cu30io. 

19. A method according to claim 11, characterized in that the precursor of said ceramic superconductor, 
which is filled in said high-conductivity metal pipe, is one selected from the group consisting of oxides of 
elements forming an intermediate ceramic superconductor, coprecipitate of two or more of said elements, 
oxygen-depleted composite oxide of two or more of said elements, and alloys of two or more of said 

75 elements. 
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